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1. Introduction
In RAN4#108 meeting, RAN4 discussed the RRM core requirement impact for IOT NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impact of NR NTN enhancement based on the progress of RAN1 and RAN2.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
2.1.  IDLE/INACTIVE Mode measurements
Issue 1-0: Clarification on K_satellite
FFS how clarify the value of K_satellite.
· Option 1: For each inter-frequency carrier 
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
· Other options are not precluded.
We support Option 1 which is also our proposal in last meeting. Besides, Option 1 can be further summarized.  For each inter-frequency carrier,  Ksatellite is the number of NGSO satellites to be measured.
Proposal 1: For each inter-frequency carrier, Ksatellite is the number of NGSO satellites to be measured.
Time-based cell re-selection
Agreements
· FFS how to take into account t-serviceStart in inter-frequency and intra-frequency measurement requirements for NB-IoT and eMTC
The description of t-serviceStart should be first clarified. RAN2 has defined two t-serviceStart, one for discontinuous coverage which is broadcasted in SIB32, another for indicating the service start time of neighbour cell which is broadcasted in new SIBxx.
For the t-serviceStart which is broadcasted in SIB32, UE can follow the cell re-selection mechanism defined in R17, no need to introduce new mechanism.
For the t-serviceStart which is broadcasted in new SIBxx, we think it could assist UE implementation of deciding the start time of neighbour cell measurements. However, how UE use this information could up to UE implementation.
Proposal 2: For the t-serviceStart which is broadcasted in SIB32, UE can follow the cell re-selection mechanism defined in R17, no need to introduce new mechanism.For each inter-frequency carrier.
Proposal 3: For the t-serviceStart which is broadcasted in new SIBxx, it could assist UE implementation of deciding the start time of neighbour cell measurements. However, how does UE use this information could up to UE implementation.
Issue 1-2: Location-based triggering cell reselection measurements for eMTC moving cell and NB-IoT
Wait for further progress from RAN2.
For eMTC NTN of earth-moving cell, RAN2 has achieved following conclusions [RAN2#121bis]:
	1. For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode
2. For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)


Based on RAN2’s agreement, the location-based cell re-selection requirements applicable to eMTC in earth moving cell. If network broadcast the reference location and distance threshold to UE, UE is able to calculate the distance between UE and reference location, since UE could derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime. Therefore, we think the requirements from NR NTN could also be the starting point for earth moving cell scenario.
Proposal 4: For eMTC of earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
For NB-IOT NTN, RAN2 has achieved following conclusions [RAN2#123]:
	for NB-IoT NTN, location-based measurement initiation can also be optionally used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that it is up to the UE to update GNSS location.


Although RAN2 didn’t explicitly declare whether location-based measurement initiation could apply for NB-IoT NTN in both quasi-fixed cell and earth moving cell deployment, we think the mechanism could be supported in both scenarios since UE could derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime for moving cell according  to the RAN2’s design.
Proposal 5: For NB-IoT in both quasi-fixed cell and earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
Issue 1-3: Location-based triggering cell reselection measurements – configuration updates
Further discuss the following proposals:
· Proposal 1: Ask RAN2 to provide a signaling mechanism such that the UE is aware of updates in distanceThresh and/or reference location (this second at least for earth fixed cells).
In RAN2#122 meeting, following agreements has been achieved:
	1.Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317) 


First of all, RAN2 has agreed that SI modification will not be triggered when reference location and distanceThresh in SIB31 updated. Besides, in earth fixed cell scenario, we don’t think network updates the reference location and distanceThresh in SIB31 is a typical behavior. Hence, there is no need to ask RAN2 to revise their agreements.
Proposal 6: Don’t ask RAN2 to provide a signaling mechanism to inform UE about distanceThresh and/or reference location update.
2.2.  Connected mode measurements
Issue 2-2A: Time-based triggering Neighbour cell measurements in connected mode for NB-IoT
Agreements
· For NB-IoT in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
i. Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
i. Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS on requirements for the case of intra-frequency measurement for LEO case and when neighbor cell belongs to different satellite
Regarding the exact time to start measurements, we think it can be left up to UE implementation as long as UE perform intra/inter-frequency measurements before t-Service. Even if network provide the t-ServiceStartNeigh to UE, it is up to UE implementation of how to use such information, no need to define additional requirements.
Proposal 7: For NB-IOT NTN of quasi-fixed cell, the exact time to start measurements can be left to UE implementation.
For NB-IOT NTN of quasi-earth fixed cell and earth moving cell, RAN2 has achieved following conclusions [RAN2#119-121bis-e]:
	1. At least for NB-IoT NTN, for quasi-earth fixed cells, UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements in connected mode before t-Service can be left to UE implementation” (can revisit if we agree other proposal based on neighbour cell coverage)
2. RAN2 will not specify the condition of stopping UE measurement before t-Service
3. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
4. For earth-moving cell, UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage. The exact time to start measurements can be left to UE implementation
5. For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)


It can be clearly see from RAN2’s agreement that time-based triggering neighbour cell measurements in connected mode for NB-IOT can be supported. UE derives the timing of coverage loss of current cell by itself and start intra/inter frequency measurements before coverage. The exact time to start measurements can be left to UE implementation.
Proposal 8: For NB-IOT NTN of earth-moving cell, RAN4 should introduce time-based neighbour cell measurements triggering mechanism in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.
Issue 2-2B: Time-based triggering Neighbour cell measurements in connected mode for eMTC
· For eMTC in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
i. Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
i. Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS Ttrigger definition from IDLE mode in current spec are reused for CONNECTED mode
· For eMTC in CONNECTED mode, RAN4 to discuss the impact on measurement gaps configured for neighbour cell measurements and its relation to t-ServiceStart.
· Option 1: Measurement gaps configured for neighbour cell measurements are suspended until t-ServiceStart.
Similar as NB-IOT NTN, we think the exact time to start measurements can be left up to UE implementation as long as UE perform intra/inter-frequency measurements before t-Service. Besides, the time-based triggering neighbour cell measurements in connected mode for eMTC can be supported.
Proposal 9: For eMTC NTN of quasi-fixed cell, the exact time to start measurements can be left to UE implementation.
Proposal 10: For eMTC NTN of earth-moving cell, RAN4 should introduce time-based neighbour cell measurements triggering mechanism in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.
The Trigger introduced in IDLE mode is used to define requirement applicability as follows:
This requirement does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of t-Service is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Ttrigger. 
Since the time-based triggering mechanism is also introduced in CONNECTED mode, we are fine to introduce the Ttrigger and related requirement applicability rule in CONNECTED mode, Ttrigger = max(Tidentify_intra, Pcarrier*Tidentify_inter)
Proposal 11: Ttrigger and related requirement applicability rule can be introduced in CONNECTED mode, Ttrigger_connected = max(Tidentify_intra, Pcarrier*Tidentify_inter).
Issue 2-4: Location-based triggering Neighbour cell measurements – distance margin
Further discuss the following proposals:
· Proposal 1: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m. FFS the value of X as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Based on our understanding, although UE is not required to update the GNSS location for Location-based connected mode measurement initiation, the current GNSS result is still valid, or else network/UE will trigger GNSS update procedure. The error introduced by valid GNSS result is not significant.
Besides, based on our knowledge, most of NB-IOT terminal is stationary, and the mobility of NB-IoT UE is less than eMTC UE. Therefore, the X for NB-IOT UE should be smaller than eMTC UE.
Observation 1: Although UE is not required to update the GNSS location for Location-based connected mode measurement initiation, the error introduced is not significant.
Proposal 12: At least for NB-IOT UE, no need to introduce the X margin. FFS for eMTC UE.
Issue 2-5: For eMTC, CHO requirements
Wait for further progress from RAN2.
Following agreements has been achieved in RAN2#123
	For CHO in NTN (both NR NTN and eMTC NTN, time and location-based trigger conditions may be configured independently (i.e., without a jointly configured measurement condition). We add a description/note saying in which scenarios this is reasonable, e.g. at least hard-switch case where gap is assumed to be zero/negligible


On one hand, the time and location-based trigger conditions as R17 NTN could be introduced for eMTC NTN. The related requirements should be defined, and the R17 NTN CHO requirements could be referred.
On the other hand, in hard-switch case where gap is assumed to be zero/negligible, time and location-based trigger conditions may be configured independently. In this case, the CHO requirements should be revised as follows:
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel within DCHO seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	Tmeasure is the measurements time stated in clause 6.1.4.2.2.
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time
Proposal 13: The time and location-based trigger conditions as R17 NTN could be introduced for eMTC NTN. the R17 NTN CHO requirements could be referred
Proposal 14: The CHO requirements should be revised in hard-switch case where gap is assumed to be zero/negligible and the time and location-based trigger conditions are configured independently. 
DCHO = TRRC + TEvent_DU + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time

2.3.  GNSS re-acquisition
Issue 3-1: GNSS re-acquisition, impact on RLM
Agreements
· When the UE is performing GNSS measurements using gaps, RLM out-of-sync and in-sync evaluation periods can be longer than those defined in sections 7.19A and 7.23A in TS 36.133.
· FFS whether to define deterministic  RLM out-of-sync and in-sync evaluation periods
According to the RAN1’s agreement, the typical GNSS measurement gap values involves [1,2,3,4,5,6,7,13,19,25,31] second.
Considering that the GNSS measurement gap is so much longer compared with RLM evaluation duration, based on our understanding of UE behavior, UE will totally suspend RLM measurement during the GNSS measurement gap, and re-start the RLM measurement after GNSS measurement gap. Therefore, we think the agreements should be revised to follows: RLM OOS and IS evaluation requirements are not applicable when the UE is performing GNSS measurement using gaps. Moreover, not to define the deterministic RLM OOS and IS evaluation periods.
Proposal 15: Revise the agreement as follows: RLM OOS and IS evaluation requirements are not applicable when the UE is performing GNSS measurement using gaps. Moreover, not to define the deterministic RLM OOS and IS evaluation periods.
Issue 3-2: GNSS re-acquisition, impact on other RRM requirements
· Further discuss the impact on RRM requirements, including CONNECTED mode mobility.
· RAN4 to discuss the impact of GNSS re-acquisition on the measurement gaps configured for mobility measurements for eMTC in CONNECTED mode
· Option 1: Measurement gaps configured for mobility measurements are suspended.
· Option 2: GNSS measurement gaps are suspended.
· Further discuss the following proposals on how to capture in RRM specification:
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: Wait for further progress from other WGs.
According to the RAN1’s agreement, the typical GNSS measurement gap values involves [1,2,3,4,5,6,7,13,19,25,31] second.
Based on our understanding of UE behavior, UE will totally suspend all measurements during the GNSS measurement gap, and re-start the measurements after GNSS measurement gap. Therefore, we think the additional requirement applicability rule should be added, which is the requirements are not applicable when the UE is performing GNSS measurement using gaps. 
Proposal 16: Add an additional requirement applicability rule for connected measurements, which is the requirements are not applicable when UE is performing GNSS measurements using gaps.
2.4.  Others
Issue 4-2: Requirements applicability with SIB updates
Further discuss the following proposals:
· Proposal 1: Ask RAN2 to trigger SI modification indication if the list of cells or list of satellites is modified in SIBxx, otherwise mobility requirements cannot be applicable when the list of satellites is updated. (Nokia)
Following agreements has been achieved in RAN2#122 and 123
	The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
For eMTC, the new SIB (SIBxx) is not an essential SIB. UE does not need to consider the cell barred if it is unable to acquire the SIB when scheduled.


Since the new SIB is not an essential SIB, and RAN2 has decided no need to trigger SI modification procedure for new SIB update, we propose not to revise RAN2’s agreement.
Proposal 17: Don’t ask RAN2 to trigger SI modification procedure for new SIBxx update.
3. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: For each inter-frequency carrier, Ksatellite is the number of NGSO satellites to be measured.
Proposal 2: For the t-serviceStart which is broadcasted in SIB32, UE can follow the cell re-selection mechanism defined in R17, no need to introduce new mechanism.For each inter-frequency carrier.
Proposal 3: For the t-serviceStart which is broadcasted in new SIBxx, it could assist UE implementation of deciding the start time of neighbour cell measurements. However, how does UE use this information could up to UE implementation.
Proposal 4: For eMTC of earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
Proposal 5: For NB-IoT in both quasi-fixed cell and earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
Proposal 6: Don’t ask RAN2 to provide a signaling mechanism to inform UE about distanceThresh and/or reference location update.
Proposal 7: For NB-IOT NTN of quasi-fixed cell, the exact time to start measurements can be left to UE implementation.
Proposal 8: For NB-IOT NTN of earth-moving cell, RAN4 should introduce time-based neighbour cell measurements triggering mechanism in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.
Proposal 9: For eMTC NTN of quasi-fixed cell, the exact time to start measurements can be left to UE implementation.
Proposal 10: For eMTC NTN of earth-moving cell, RAN4 should introduce time-based neighbour cell measurements triggering mechanism in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.
Proposal 11: Ttrigger and related requirement applicability rule can be introduced in CONNECTED mode, Ttrigger_connected = max(Tidentify_intra, Pcarrier*Tidentify_inter).
Observation 1: Although UE is not required to update the GNSS location for Location-based connected mode measurement initiation, the error introduced is not significant.
Proposal 12: At least for NB-IOT UE, no need to introduce the X margin. FFS for eMTC UE.
Proposal 13: The time and location-based trigger conditions as R17 NTN could be introduced for eMTC NTN. the R17 NTN CHO requirements could be referred
Proposal 14: The CHO requirements should be revised in hard-switch case where gap is assumed to be zero/negligible and the time and location-based trigger conditions are configured independently. 
DCHO = TRRC + TEvent_DU + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until the time/location condition fulfilled. 
	TCHO_execution is the conditional execution preparation time
	Tinterrupt is the interruption time
Proposal 15: Revise the agreement as follows: RLM OOS and IS evaluation requirements are not applicable when the UE is performing GNSS measurement using gaps. Moreover, not to define the deterministic RLM OOS and IS evaluation periods.
Proposal 16: Add an additional requirement applicability rule for connected measurements, which is the requirements are not applicable when UE is performing GNSS measurements using gaps.
[bookmark: _GoBack]Proposal 17: Don’t ask RAN2 to trigger SI modification procedure for new SIBxx update.
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